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ABSTRACT: The concentration of Hg, Cd, As, Pb, Cu, Zn and Fe in whole soft tissues 
of the striped venus clam, Chamelea gallina, from the Black Sea coast has been 
determined by using Inductively Coupled Plasma – Mass Spectrometer (ICP-MS) for 
monitoring metal pollution of coastal water. Hg was not detected in C. gallina and Zn is 
seen to be the most abundant of the metals examined. Metal concentrations are lower 
than the maximal permissible quantities for human food as mentioned by the European 
Commission and Turkish Food Codex. The heavy metal concentrations in C. gallina 
indicate that consumers of this seafood are not exposed to the risk of heavy metal 
pollution. 
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INTRODUCTION 
 
Heavy metals such as Hg, Cd, Pb, As and Cu are responsible for degrading the 
quality of seawater and for toxicity to marine biota. They are indestructible in the marine 
ecosystem. They are also supplied to the marine environment from mine residues, which 
are carried by rivers. 
Heavy metals are delivered into the Black Sea by dint of rivers or straight unloading 
of industrial and domestic and agricultural utilization. In the Black Sea coastal area there 
is a notable influence from rivers mainly the Danube, Dnieper, Don, Sakarya, Kizilirmak 
and Yesilirmak. Studies on the metal amounts in the coastal waters and sediments of the 
Turkish Black Sea coasts have shown that the mouth of the rivers is quite polluted by the 
heavy metals (Bakan and Büyükgüngör, 2000; Altas and Büyükgüngör, 2007; Bat et al., 
2009). 
However, the littoral zone can be regarded the marine ecosystem perspective, which 
is of major importance for the survival of a large variety of organisms. Marine organisms 
have been accepted to assemble significant quantities of contaminants in their tissues. 
Phillips and Rainbow (1994) suggested that the use of the term “biomonitor” for such 
species as the most precise to depict organisms which accumulate pollutants mainly 
heavy metals in their tissues, and may hence be determined to pinpoint the abundance 
and bio available of such metals in marine ecosystems. According to Phillips and 
Rainbow (1994) biomonitors should be possessed in the following ascribes: pollutants 
should be accumulated without fatal impacts to the organism studied, biomonitors should 
be sedentary, considerable survival ratio in case of control circumstances and tolerate 
brackish water, facilitate of sampling, provide adequate tissue for metal analysis and a 
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simplistic relationship ought obtain amongst the pollutant level a biomonitor and the 
mean level in its surrounding environments. 
Bivalves are frequently studied in the monitoring of heavy metal contamination (Bat 
et al., 1999; Bat et al., 2012) because they are important in food chains and they have a 
wide geographic domain. They also have meet most of the standards listed by Phillips 
and Rainbow (1994). 
C. gallina is widely distributed in Europe (Fish and Fish, 1996) and is commonly 
found in the Black Sea. It is a suspension feeder and buried some little way below the 
surface in sand and muddy-sand from the lower shore (Fish and Fish, 1996) to depths of 
about 15 m (Pampanin et al., 2002).It is subjected to intense fishing (Dalgıç and Ceylan, 
2012).The annual production of the striped venus was 26931 tons from the Black Sea in 
2010 (TÜİK, 2011). 
Thus, the striped venus clam, C. gallina, was picked as a biomonitor of near shore 
metal contamination. The principal goal of this investigation is to establish the levels of 
metals in the soft tissues of C. gallina and sediment along the Sinop peninsula. It is 
withal approached to compare the results with national and international standards for 
seafood and public welfare if this species is chosen for consumption in the zone studied. 
 
MATERIALS AND METHODS 
 
Moschino et al. (2003) detected the highest levels of shell loss to the striped venus 
clam C. gallina get caught by hydraulic dredging and the minimum manual picking of 
clams by scuba divers. In the current study, therefore, the clams were picked up mensal 
by scuba divers off two sampling places (Fig.1) in the upper-infra littoral region of Sinop 
peninsula of the Black Sea, at a deep of 1-10 m in 2010 except May, June, July and 
August. 
Pampanin et al. (2002) indicated that the striped venus clam grows slowly, requiring 
about 1 age to achieve a size of 16–18 mm and about 2 years to attain the commercial 
size of 25 mm. Conversely, the minimum length for marketing is 25 mm in in the 
Northern Adriatic Sea (Moschino et al., 2003).After collection, the clams were allowed to 
depuration undigested matter in plastic tanks filled with aerated seawater from the 
sampling stations for 24 h. The animals were then measured in shell length. The all soft 
tissues of 40 individuals (<20 mm in length) from each station were cautiously removed 
by shelling the bivalves with a plastic knife and the massed soft tissues were weighed, 
homogenized and kept in deepfreeze until analysis (Usero et al., 1996). All 
measurements were done three replicates and all results were given as mg metal kg wet 
wt. 
Metal analysis in the striped venus: 
Metal assays in the soft tissues of C. gallina were made by using m-AOAC 999.10- 
ICP/MS (Inductively Coupled Plasma – Mass Spectrometer) process by validated 
Environment Industrial Analysis Laboratory Services Trade Company (TÜRKAK Test 
TS EN ISO IEC 17025 AB-0364-T). A European criterion technique(EN 15763) was 
implemented. 
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Metal analysis in sediment: 
Sediment collections were picked up using the hand core. After collection, sediment 
was segmented something like 2 cm distances with the sediment extruding tool for each 
station. The sediment segments were put in sterilized polyethylene bags with on ice and 
taken to the laboratory. They were deep-frozen at -21 ºC. Metal analysis excluding Hg in 
all subsampling pulverized to 85% passing 200 meshes was applied using 4 acid 
digestion and ultra-trace ICP-MS technique by approved ACME Analytical Laboratories 
Ltd. (Vancouver, Canada). Ultra-trace Aqua Regia digestion procedure for Hg analysis 
was withal done by validated ACME Analytical Laboratories. 
 
Fig. 1. Sampling sites from Sinop peninsula of the Black Sea, Turkey. 
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Statistical analysis:  
Probabilities lesser whence 0.05 (p<0.05) were noted statistically important. 
Statistical computations were completed with Statistica 7.0 statistical package program 
for Windows. Microsoft Excel (2010) was used to calculate mean and standard deviation 
and to plot graphs. All results were given mg/kg wet weight basis. In addition the weekly 
intake levels set by international organizations for health safety were accomplished using 
the maximal metal amounts in C. gallina EWI (Estimated Weekly Intakes) = maximal 
level of the metals (mg/kg) multiplied by seafood eaten (kg/70 kg body weight/week). 
 
RESULTS AND DISCUSSION 
 
Hg was below the detection limit (<0.05 mg kg-1) and as a result could not be 
determined. The maximum allowable value of Hg is 0.5 mg kg-1 wet weight in Mollusks 
in Turkish Food Codex (2002) and Commission Regulation (2006). All the other metals 
were detectable. Turkish Food Codex (2002 and 2008) and Commission Regulation 
(2006) indicate that maximum levels of Mollusca are 1.5 mg kg-1 wet weight for Pb and 
1.0 mg kg-1 wet weight for Cd. The maximum permission level of As is 1.0 mg kg-1 wet 
weight in Mollusks in Turkish Food and according to Turkish Food Codex (2002) these 
values are very low. Legal allowable levels are not existent for requisite metals in EU 
Commission Regulation. However, Zn and Cu levels in C. gallina from at both stations 
were quite low the utmost toleration quantities for human seafood set by class with the 
Ministry of Agriculture, Forestry and Fisheries (MAFF, 1993). 
 
Fig. 2. The means with standard deviations (vertical line) of heavy metal concentrations 
in the striped venus Chamelea gallina from Sinop peninsula of the Black Sea 
during fishing season in 2010. The same letters upper the vertical bars in each 
graph indicate the values are not significantly different (p > 0.05). 
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The Fig. 2 displays the mean metal levels in C. gallina from Sinop peninsula. The 
heavy metal concentrations in the striped venus show variations depending on the 
locality. Zn seems to be the most abundant of the metals examined, followed by Fe> Cu> 
Pb>As≥ Cd> Hg. There were statistically significant difference in the concentrations of 
Pb, Cu, Zn and Fe in the clams for the two stations examined (P<0.05). A statistically 
considerable disparity in the levels of Hg, Cd and As was not observed among these 
stations of Sinop Peninsula. In the way of the places the higher levels except Pb found to 
be connected with Inner Harbor and this is probably owing to the pump of untreated 
domestic contaminants, fishing operations, the draining of vessel residuals and different 
seaside activities (Bat and Öztürk, 1997; Bat et al., 2000). 
It is not available other published paper concerning heavy metal levels in the striped 
venus from this region, but referring to results published paper by other authors for the 
same species from different latitudes (e.g. Usero et al., 1996; Castro et al., 1999). The 
mean metal levels in the striped venus in the present investigation are compared with the 
results of other studies. It can be said that the tissue metal concentration studies except Zn 
shown in the present study is much lower than those in the Atlantic Coast of Southern 
Spain and it was concluded that they are not suitable for human consumption (Usero et 
al., 1996).Moreover, Hg, Cd and Cu levels in the clams from the eastern Alboran Sea, 
which are located in Almería coastal waters, Spain are much higher than those in the 
present study (Castro et al., 1999), but Pb and Zn levels are approximately similar. 
 
Fig. 3. The means of heavy metal concentrations in surface sediments from the Sinop 
peninsula of the Black Sea. 
 
Hg and Cd levels in surface sediments are not different between the Inner Harbor 
and Akliman. Other metal levels studied in inner harbor are quite higher than those in 
Akliman except As (Fig. 3). The levels of all heavy metals except Cd and Zn in 
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sediments are much higher than those in the striped venus clam, C. gallina, from Sinop 
peninsula of the Black Sea. Zn levels in sediments and C. gallina are quite very similar, 
whereas Cd levels in soft tissues of the striped venus clam are relatively higher than those 
in sediment. It may be suggested that C. gallina doesn’t uptake these metals from 
sediment. It is recommended that further investigations would be useful to determine the 
heavy metals in the ambient water and suspended particles in the water column. The 
conservation of coastal waters from damage owing to the heavy metals and other 
pollutants needs an insight of the tenderness of marine biota to these substances and their 
ecological demands (Bat et al., 2000). 
With respect to consumption habits, it’s a major task to calculate daily intake of the 
metals from seafood and check it with the total acceptable daily intake levels regulated by 
international organizations for wellness re-ability. The normal daily Mollusca eaten in 
Turkey is 1 g per one, which is coequal to 7 g/week for Turkey (FAO, 2010). The 
Provisional Tolerable Weekly Intake (PTWI) amount is a prediction of the level of the 
metal that may be eaten by people in excess of their life span devoid of noteworthy 
hazard. PTWIs are fixed by the Joint Food and Agricultural Organization of the United 
Nations (FAO) / World Health Organization (WHO) Expert Committee on Food 
Additives (JECFA) (FAO/WHO, 2010). The PTWIs were handled in the current work to 
give as recommendation quantities for reliable amounts of the studied metals. Table 1 
demonstrates that approved dependable amounts of the Joint FAO/WHO Expert 
Committee on Food Additives (JECFA) and Council of Europe for the metals. The 
PTWIs were given for a 70 kg body wt. of a grown individual for heavy metals(WHO, 
1989, 2000, 2004; Council of Europe, 2001; FAO/WHO, 2010, 2011). 
 
Table 1. Estimated Weekly Intakes (EWI) and Estimated Daily Intakes (EDI) of the 
metals in the striped venus clam Chamelea gallina from Sinop peninsula of 
the Black Sea. 
 
Metals 
PTWI 
(mg/week/70 kg 
body wt.) 
PTDI 
(mg/day/70 kg 
body wt.) 
EWI (EDI) 
Maximum level 
Hg 0.28 0.04 Limits of detection 
Cd 0.49 0.07 0.00056 (0.00008) 
Pb 1.75 0.25 0.00084 (0.00012 
As 1.05 0.15 0.00063 (0.00009) 
Cu 245 35 0.00637 (0.00091) 
Zn 490 70 0.2674 (0.0382) 
Fe 392 56 0.1911 (0.0273) 
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The estimated EDIs and EWIs of the metals in the current study show that values are 
quite below the established accepted safe levels and it is concluded that the heavy metal 
levels in the striped venus clam have no present any danger for human consumption. 
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